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A high resolution fingerprint captore and identification apparatus 
Field of the Invention 

nnther comprises a data bus connecting one or more said peripheralfs) to^eT „^ 
compute*) and/or storage devices, and image acquisition and tSslol^ m« ™ 

Background of the Invention 

Growing concerns regarding domestic security have created a critical need to 
positively identify individuals as legitimate holders of credits <Sf SfJ? 
~ *f *™ of identification. The ideal idStata proZ s reS 
&st, and relatively inexpensive. It should be based on modern nil "oSd dSonfc 

£7 ? ^ netW ° rked t0 Cnab,e faSt - d effective 2Wfi£2T5 
should also be compact, portable, and robust for convenient use in a Tietv of 

20 STT* "f* S6CUnty stations . c -to ms and boZ cressinTSuce 
20 vehicles, home and office computing and entrance control sites of secure b3$. P 

n^utt f*®** method f ^ identification is to compare a fingerprint with a 
previously obtained authentic fingerprint of the individual. Fingerprints havStiSlv 
been co lected by rolluig an inked finger on a white paper. si^SS^SS 

* T gCd fingeiprmt method to address new security demands TheTe 
modern proposals all use, as a key component, a solid-state device such as 
opjcal sensor to capture the fingerprint image in a digital ta^B^ a nT t™ of 
sohd-stete onager as part of a fingerprint identification apparatus a fiJ£Srt cTbe 
collected conveniently and rapidly, for example, during a securifv chelk and 
30 subsequently correlated, in near real-time, to previously trained dtofftafi in^n 

£2? base *2 resides eUher m a • at *• -tel 

but portable or removable storage device, or on a remotely networked server. 

A typical fingerprint comprises a pattern of ridges separated by valleys and a 
senes of pores that are located along the ridges. The ridges are *s^ly\wTm * 
wide and can extend in a swirl-like pattern for several mm to one or more cm £ 

wL^pSr T ^ 4 tyPiCal Peri ° d ° f Watdy 250- 

250 T 8 ^ T 11 ^ m Cr0SS 13,186 m ^ about 50 um to 

250 inn and are aligned along the ndges and can be isolated or grouped into two or more 
abutting or near abutting features. Almost all present-day SS idoificZ 

minUtiae P atte ^se are'sin^nSd tSSSZ 
JT^s • ? 5 f Cy featUreS SUCh 33 6,1(1 P° ints > deltoids/bifurcations VrossovS 
points, and islands, all together referred to as ***** Typically, a relativeW laTa^ 
of the fingeiprmt is required in order to obtain enoughlque minutiae feaSS,^ 
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E3m : mutch « 0 ' 50 M0S ' m0dera ^"Prin' images therefore » „„ 

nA _ P 1 * to extraordinary resolution requirements necessary to successfully imaee 
pores there are no commercial devices available today that use poroTS wZt 
identification, even though there are typicallv 7 to 10 ten ri™~ «ngerpnnt 

ramunae significantly increases the reliability of LJZS*tZt- * 

Most optical designs proposed for creating fingerprint imaees suffer i™,™^, 

Sir ^ ** in real lif ° appSl^de^gT^ 

^1. v ? T 1 " 6 P ° re Patt6ms f ° r exam P Ie - ^ Produce distorted 
comphcate fingerprint correlation, and still other designs are too bulk? or SSL fo 

ZT^r n ^ fie J d Met2 ' * ( " Device for ^g a^d te£ 
unages with valley and ridge structure", Michael Metz, Carl FlatoTL NkK 
Phillips, US patent 5,974,162, 10/26/1999) have described opticaf *J» ftfS 
capable of producing high resolution fingerprint images. These ££. Se^ slat 
%W^: h0l0SnpUC "** "* 3 ™*« ^0 p^ducfanTc^ 

One example of such a design is shown in Figure 1. A holoeram is included 
between a top cover plate and a bottom transparent plStic or gLT2XL^Ft 
hght source 1S phoned a few cm from the entrance face of the wSde andt 
taufe optic, such as a spherical or cylindrical lens, may be vcJS^SSSSXL 
and the guide to couple light into the waveguide. Light propagates do™ Ae waveS 
via a series of reflections at its top and bottom surfaces The reflection occur^ t l 

ST*T *? is sufficient t0 produce total mteraal SL2S?gSS 4 

stakes the holographic grating with an angle of incidence that is detemtined I by 
pnopagation angle, and a portion of the guided hght is diffracted from the w^gdde to a 

2e^ nea ^ VertlCal direCti ° n Which pK, P a 8 ates towards *e top surface S cover 
plate With nothing in contact with the cover plate the light will be partially rrtLZ I at 
^late:an- mterface to be redirected through the cover plate, holog™ and 
block onto the solid-state imager located directly below the waveguidVwiie^ a fin^rt 
pressed onto the cover plate fingerprint ridges will make opticalCJ^rthe S 

hght will carry fingerprint image information, such as that originating from valle V 7Md 
pores, to the unager. A significant fraction of the light that is not refleSd alfte 

I 2LS?? 'iT M SCattCTed by *• ^ back to melageTatl p^SST 
noticeable background noise in the captured fingerprint image. In spite* Z noTse 
valleys, ndges, pores and minutiae are obvious in the resulting fingCuS images t 
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This invention is not limited to using the optics of Figure 1 Anv other m *tt^ 
Summary of the Invention 

ZS^SShS 8 ^ 1D , a manner * at provides for ^»ation of pSe 
operates to provide an advanced identification capability that can iSSv 2 

for transmiss.on, analysis, storage and management of uTa mamSr 

that in o^^i n K 8 ^ rin ^ ima ^ 8 /^ phe ^ ° f invention com P™es an optical design 
mL?£? emb ,° diment . ls L based "P 0 " ■» of a waveguide hologram, as shoWm 

wayofta^meTnl P r heral ^ ^ ^ t0 USe ° f 3 ho,0 ^The de^l^ 
«x^e, nsteid use one or more prisms or other conventional optics toredirect 
light The ophcs for the embodiment shown in Figure 1 is an optical Sesign 
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SSLT^f £ substrate slab or waveguide that comprises top and 

bottom surfaces that are substantially parallel; light entrance and light exit feL a 
holographic optical element in optical contact with either the top or bottom rtMfe 

5SL2f?£ t^/fl^ 18 ^ugh the waveguide suchZ said 

diffracted light exits the slab through its top surface; a means of coupling light fromAe 
light source into said light transmitting substrate through its light eSce faTin a 
manner such that the light has a wavefront curvature \nd k 
substantially uniformly dif&acted by said holographic optical element- a meZ r« 

wavSft 18 ? ? * Propa8ati ° n Said "rj^cSnTthl 

wavelength of the light source, or combinations thereof, in response to changes in 

SEfiSTT ^'T*™' iraa ^ P^Pberal, in a manner suchZ^ne 
i£SE?? T?* ^ S i bStrate SUb iS substantia,1 y ^formly dif&acted by said 
ESHSL^ ^ SigDifiCant ChaDgeS m dif&action effici ^ over a 

^n^ 8 S^ T by way of example ' can ° 6 ' but is not to 

a range of 15 C to 40°C; at least one finger contacting surface, and at least one electronic 
2^,^ by way of example, can be a CCD or dS C£*uS 
uivemion additionally contemplates designs that accommodate even broader ranges b 
operational temperature, such as between about -25°C to 55°C. 

20 tn m ,f^f?r fi emb ° diment the . e i ectronic fingerprint images are stored directly by 

tolt 8 7 nDt ,T 8e mf ° nnati0n a has ®> such 38 a high-speed date 

E?££r St0rage l dev,c ^ to ^ local or remote networked computers). The 

bus interface can be capable of outputting fingerprint image data in digital or analog 
form or combmations thereof. In another embodiment the electronic b^ZZaTZ 

T^n™ 0 *^™ 1 ^ 10 *» fingerprint imaging P eri P^ to adTuT^iZ 
operating conditions of said peripheral such as laser output power, angle, temperature 

',r g ? xposure md *■ like for — -322 

7^ aUt0matic fault notification via ^ advanced interface 
protocol and ^application specific call via software controls. Said storage devices) that 

mtegrated storage device such as Compact Flash or Smart Media or Memory Stik^ or m 
£Ii«??\ OT C ° mblnahons * ereof - ^ stooge devices that may be integrated and 
SnSatS y adVantage0US f ° r Said apparatus 4,10 meth ^ of this inventiofare also 

be J^iT^ !f b ? iment0faie ^P^' *» electronic fingerprint images can 
be stored locally m the fingerprint imaging peripheral(s) and said fingerprint image 

2ZT- € 5 J 6 ^ 11,101,8,1 a bU5(s) ' Such 88 a Wed teta* toa 
£SL ^ T? 10 3 ^ ° r Mnote netWorked eomputeKs). The to 
mterface can be capable of outputting fingerprint image data in digital or analog fonn or 
40 ^mbmations thereof, to another «*odte todad«^lJUrt?2^ 
remote commands to the fingeiprint imaging peripheral to adjust various operating 
conditions of said peripheral such as laser output power, angle, ^JSS 
compensation, unage exposure settings, and the like for procedures such »32fc 
^ sdfinata and automatic fault notification via the advanced interface 

!? aP 7« Catl ° n ^ ^ ™ S0ftware controls - Said ^rage devices), uS 
are part of said fingerpnnt imaging peripheral or are connected to a local 0^016 
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ft«C .Cher storage devices to Zd^p^Sy 

for sad apparatus and method of this invention are also wntenrolated I 1^3^ 

i^rr; . of * e warahB 11,6 *- ~T3S^cc 

2L V" M T K COmpU,ers ^ «•"•* by interf^rS 

protocols that, by way of example, can be IEEE 1394 (Firewira. USB <i2^7t^ 8 
efceme, and Jhe like. Other bus interfaces and m£ £ 

10 ESSE' adva,, ^ eo » s fOT "PPUcationa of 4eUt 1ST ^ 

10 .denoficaoon, are also contemplated by the apparatus and meftod of tUsTvaZ, Bv 
way of example said interface«Hmecting bui can inXS«e 

can be one or more additional security features. Certain types of additional m<S™ 
c» be attached to each ac^ired Bngen,™. image suchT* r CSSCTSS 

Another feature of said method and apparatus of this invention includes use of 
encryption methods that allows only the intended recipient to 

fnSTt, inf0T T^^ d fiWta formation can include the acSlLge 
information or said additional infomiation, or combinations thereof. 8 

In another embodiment of the method and apparatus of this invention the 

s" sTh^ T lyZ ? USin8 , b0th ^ Struc ^ Matures L^LtZ ™^ 
Si ? 1 Said ^y 518 of P° re md structures can be oerfomied 

mdep«idently in a sequential or concurrent manner, or can be caniedlt togSr ^ 

analysis of standard minutiae featurVSn be 

d Sled t^e^ ? W ^ 10 CXiSting (U ' ^ databases *S * « 
Sli k x ^ resolut,on P° r e/minutiae analysis and correlations A 

prefened embodiment of analysis of pore and minutiae structure uses a me^s of lv 
level gradient-edge detection. Those skilled in the art may use other Stable mLhof for 
K^i* A S " <>f a particular ^"me ES£ 

40 Detailed Description of the Invention 

nr ™ J^"?* 6 * 1 ° f ^ inVention uprises the opto-mechanical components one 
or more solid-state imagers, an electronic interface^), and data storage means FoHn 
field l ux peripheral must be capable of operating over a relatil^wiSpe^ 
nuige. Although we desenbe a specific embodiment of the currL inveSTuS 
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10 



d !f lgn ? FlgUre ! ' *» invention is ^ limited to devices that use 
this design. Certain important characteristics of the holographic optical element are verv 
^perature sensitive. For transmission holograms, suchaS mSlnSTl Z 

525 **** by f h ° l0gram depends both on ^ waveleng^, Sts i£ 

of incidence with respect to the hologram plane. Adequate diffraction efficiency ocSK 
oriy in narrow wavelengtii and angular ranges that are determined by Z S 
recording conditions and the thickness of the hologram medium. Without appropriate 
adjusmients to the wavelength or incident angle, temperature changes of oTTfew 

E W " T ^ reduce 0r even dimina t e holographic diffraction of a singl^ 
hologram due to the effect of temperature on the refractive index of the holLam me 
grating spacing and the grating angle. Equation (1), from Waldman et 7 TK 
and Technoi. 41, 5, 497-514 (1997), shows the effect of changes in refractive nTdex' An 
and changes in readout angle, fi, on the magnitude of the transverse component, £ of 
the grating vector for a typical slant fringe hologram in said holographic optical element 

_2n r sinQ 2w cosft sinfl Ut cosn K „ ) 



x ^ ; iVn 2 -sin 2 fi u ^-sin 2 n 2 J 



(1) 



A practical device for use in the field must either eliminate operating temperature 
rr^°rr PenS f e f ° r temperatUre chan S es * ch W the propagftioTSeTf 
SLEli^V* 6 r^ 801 ° r b0th - A"*"* me ** to contol or rfduce 
u^Sl^ T UCh 38 ^ ^ theimal electric C00lers > ^ incorporated into 
die peripheral they add expense, require greater power consumption, and increase bulk 
and complexity. The apparatus of this invention compensates for operating 
variations by automatically changing propagation angle or waving* tc S 
adequate signal-to-noise (SNR) at the imager. A method of this invention^*, b^wayTf 
SStSj Z ^ to 4 ? utomatica,1 y **** the propagation angle is to mount either the 
light source or the transfer optics, or the waveguide or any combination of the three on 
one or more brackets whose dimensions change with temperature due to the thermal 
? 0Untm8 ^ m P onents - Said me thod is simple, inexpensive, robust, and 
compact does not use any electrical power, and does not require any external control 
Although one embodiment of this general approach is illustrated m Figure 2 oSe 
examples obvious to those skilled in the art are also contemplated by this inventbn 
Figure 2 shows a laser diode light source that is positioned several cm in froTof a 
collimating lens, which in turn is held several cm in front of the entrance fa^ of L 

^ 18 r™!!? ° n 8 r0d whose ^ and thermal expa^bn 
coefficient are chosen to preferably produce the vertical motion of the laser position that 

Z3£?< P T r,y f? ? ,i8ht Propagati0n fc ough the waveguide « Z 
40 222*- r TS a T° ° f ^ ChaDgeS - Memate em hodiments of this general 
40 concept mclude, but are not limited to, translating or rotating the lens, tilting lS 
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waveguide, and simultaneously moving and tilting the laser all in r™„o a * u 
overlapped as a toetion of dJtaS^TS. rf -SSJSSTf " """^y 

- mob 

hnioor, 0 ^ t embodiments of * e apparatus and method of this invention relate to the 
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^ iSSKS ^ 5* m a , direCtl0n ** differe ^ *e perpendicular direction by 
an _ angle that exceeds the angular width of the Bragg selectivity of said hologram bm 
said angle is additionally as close to perpendicular as possible in order to Size 
distortions in tire imaged fingerprint. Hie preferred diffraction property of sZ Z£Z 

r^ so d^ v f: ,th r 1 ,^ hoio8rams pr °^ fo '^ pSSse 

holo^am Prefeimi br0adened 81,81x131 sel< * tivit y of ■£» 

nn. . An ° t !f, 381)604 °[ ^ apparatUS md method of *■ invention, is that it comprises 
one or more holograms that operate as a holographic grating to redirect the light S 
slab wavegu.de towards the finger in a direction mat differs from the pemenTut 
direction by an angle that exceeds the angular width of the Bragg selectivity^ war 
more holograms and that said hologram(s) is also formed to operate with a diffiaction 

W 12 1 T V?' ^ Preferably at l6aSt 50% ' evenmore preferaWyT^eit 
Pre f erably 8reater 01311 90% - m orior «* CMete et al.) me hologram of a 
oZte ^h e Ti! PParatU ^ WaS 3 Smgle h0l08rani ** would be fomed to optimally 
S£t ^f 3 ? 00 , effiCienCy ° f 50% to maximize the amount of 

detected signal that reflected at the plate:air interface. 

♦w mbodiments of *• of this invention relate to the slab waveguide 

flat operates to propagate light from said light source via TIR conditions to the location 
of said hologram. In one embodiment the apparatus and method of this invention 
preferably comprises a slab waveguide that includes an entrance edge that has an oblique 
angteto the top and bottom surfaces, said surfaces being substantially paralld Sp£ 
surfaces. Use of an oblique angle for the entrance face of the slab waveguide 
adv^tageously reduces the thickness requirement for said slab waveguide. In 2 
embodimen the apparatus and method of this invention preferably comprises a slab 
waveguide that has an entrance edge, which operates with optical power to Itte 2 
Summation of the location of the hologram without use of external optical elemeC^ 
way of example, said optical power can be designed to provide optimal illumination of 
said holographic grating for laser diodes that operate to output light with a certain 
divergence angle range that changes the height and/or width of the output light. In am 
anotiieranbodiment said apparatus and method comprises a slab waveguide that includes 
light traps at its end. In still another embodiment said slab waveguide can, by way of 
example have a reflective metal coating along its bottom surface at or near the entrance 
a ? ! Z™^ 6 *. Said coating operates to protect the slab waveguide from smudges 
and other defects that can impair the signal-to-noise (SNR) of the apparatus. 

Other embodiments of the apparatus and method of this invention relate to the too 

ZZI .5* ° PerateS * S3ndwich Ae 11010813111 with me sla ° waveguide. In one 
embodiment the apparatus and method of this invention preferably comprises a top cover 
plate that has highrefiactive ^index relative to BK7 or float glasl Said cover plate c£ 
toen redirect undiffracted light more efficiently by means of reflecting the light, which 
by way of example, can be under TIR conditions. In another embodiment said top cover 
plate comprises a curved finger contact surface that, by way of example, is a plano- 
convex lens. Said curved surface can, for example, be used to capture larger images and 
enhance signal strength. In still another embodiment said curved surface is another 
optical element that is attached to a planar top cover plate, or is placed on topTte 
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planar top cover plate when the fingerprint is captured. In still another embodiment *• 
apparatus and method of this inventioS comprises a co^^SJ^^ 

ZT'rSSrtT* ' b ^ Way ° f eXample ' C3n be attached to «>ver plate, of it 
can be part of the cover plate, or it can be placed onto the cover plate when the 
fingerprint ,s captured. Said coating can be used to enhance image quaL and reduce 
£S of f » the acquired fingerprint image on fing^mHS « thTwe^g 

apparatus and method of this invention comprises a cover olare that i« fn««~i 

Other embodiments of the apparatus and method of this invention relate to other 

22K ? ** iDCreaSe SNR ° f *» ^turrrger^nnt hna^ 

Additional optical components that, by way of example, can include use o™ V™!ve 

uttLT^ 011 ^ a linear P° larizer to »*»<" Section of noise tnat candle 

clr^ofth « ^ SUCh 38 diffi,Se md SpeCular refl ^ m thirma^er me 
contest of the fingerpnnt image can be improved. In one configuration, saidTwave 
plate can be sandwiched between the optical element below it, thafcW Zh^o^Z 

20 SiSSSSTS T ^ ** " 40 t0p °° Ver plate « «* the SearpotnS 
52T. v. ? 6 Sl3b ^fP^e above the imager. Said hologram operate!/ to 
difiract light that is linearly polarized in a direction upward towarTtiH Z?l£ 

iTffi^ ugh *: % w t piate *• poiarizati ° n - trir^ 

circularly polanzed light. Upon reflection from either the top cover optical element or 

orthLnnlf t 1 . h T? y P ° lanZed Ught ^ has an electric field direction that is 
ortiiogonal to tiie original direction of the light entering the hologram. Both difLTand 
specular reflection occurs due to interaction of light, diffracted by^holo^m^itt T. 
ndge structure of the finger surface that is in contact w^Ae cover e eS whit 

30 n u y SPeC ; lar refleCted Hght 0CCUrs Where *e diffracted £ to wlSaT tofc^ 
30 pfc e and various embodiments thereof, at locations that correspond to Tie vXy oZ« 

S2S ft!™" ° f ? C *** SUrfaCe - Detection of fte noise contribuLT^ 

E*h£? fingeip ™ t 1 7 uld othe ™e most desirably be zero grey scale level or 

bilk c^i subSall ^ 31638 ° f ^ Aat should £ 

black can substantially reduce contrast in the captured image and thus make i maoe 

^ refltS Tom r k ° nented leaSt partia,,y b,ock cootritatto. of said 
Ote m S t ^ bem§ CaptUred by 1116 ima ^ hereby improving contrast. 
Other methods of improvmg contrast are also contemplated by this mvention. 

W neririJ^ 8 * ? M ° S imagerS Tf CUrrentIy preferred for fiWint capture. A 
peripheral can contain one or more of these devices. According to the work of RrwMv 

finti • > ^ "T $h0uld havc a resolution of at least 1100 bpi so that pores in 
fingerprints .can be resolved. Since the optical design of Figure 1 does nof »,K 
fingerpnnt is captured without magnification. The nSximimfle of *e fingeX t 
imaged m this manner is equal to the active area of the imager. We have demoL^ted 
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accurate fingerprint identification using analysis and correlation of minutiae and nore 
sutures that were acquired from an area of the finger that is less CluM/8" by 

imu» hl^T^ i T te ?° e * at iS CapaWe ° f ° Utputtin S ^ of fingerprint 
image n digital or analog form is connected to the imager. Said digital image data Z be 

SSL^ 1 St,k> ° r ATA device ' or combinations thereof. OtheTstora^ 

10 £25 ^ be m - egrated and bc particularl y advantageous for said appa^s^d 
SSifii ^ ° n ** ^ Mntem P lated ' to • more typical JESS Z 
electronic fingerprint images may be stored directly by transfer of the fineemrin Am^l 
information through one or more buses, such as a high-speed 

storage devices that are connected to one or more lofal* remote £^££2? 

dS^sSyf 0 h° U ^ ?T ly t0 006 ° r more bus ^Patible remote Tra?e 
ZZ™. S * d stora 8 e devi ^), that are connected to one or more local or remote 
networked computers can, by way of example, be an integrated storage deviw such t 

2S?a2? 0r n Smait ° r Memoiy Stik « or 311 ATA devicef or c^mb£ 0 m 

SS£^? y '/° r *! ^ When said digital ima * e is stored kJtyfaS 
penpheral using an integrated storage device, then said data can be subsequently stored to 



30 



40 



nhtain gerpnnt apparatus 0311 make use of such storage devices for storing freshly 
,wf^ a8eS ;° r . P ; eV10USly CaptUred ™& S > or Piously enrolled and Sed 
whef l^r , eret0fore ^.^^ or mode,s >> or combinations thereS 
when a storage dev.ce near* its capacity the system comprising said apparatus ofmTs 

Sterol 

0T T ***** local or remote storage allocations, or automatically re- 
locates storage as determined by a previously scheduled configuration semng Tr 
combmaaons thereof. By way of example, the electronic interfaTcm alT^sZ 

2Sl2T"£ ? f d PeripheraI ° f ^ apparatUS of ^ inventi °n, Aatdlow 
contolled adjustment of various conditions in said peripheral such as laser output poweT 

angle, temperature compensation, and image exposure settings, and the ml 

allowmg for automatic calibration, or self maintenance and automatic fauU notificatio^ 

A high speed, serial or other data bus connects the peripheral of this invention to 
one or more computers that can store, enroll, analyze, and otherwise manage the 
to mm ™ a f^P^terface connecting protocols include, but are not L^ 
to IEEE 1394 (Firewire), USB, and Serial ATA. The connecting interface bus can 
incorporate , an automatic protocol for identifying and registering L type of iZ£Z 

tZZ "* 6 T**} SySt6m ^ pIUggCd iD t0 Ae and thenar IS 

various computer applications and scripts that automatically prompt the user to Sre 

2,^' ^ «* °* e ™*> manage, use and administer [he fi^gerpri^teTsaTd 
penpheral can be powered v,a the bus-interface, elirninating, in manyTases, Ced for 
separate power suppl.es, including use with remote and/or portable devices such £SJ£j 
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frequently be achieved with a much smaller sample than previously oossible <5 9 ;h 

Eft 2K^5Bi?* often 03,1 not to reUably resolved ^ less *- 

a „„ . J n R another embodiment of the apparatus and method of this invention said 

oT™^ 8 ^ im8e iS ^ enhanced with ^ional informSon^S by w*y 
of example, can be one or more additional security features. Certain types of addkS 
^formation can be attached to each acquired fingerprint image sXL by w Ttf 

Sation^f T hCd 38 % hCader t0 * e » fin^rinfimag " Said adSnal 
mfomiation can, by way of example, comprise watennarking, copy and counS 
protection or manufacturer, model and serial number of the imfging^quisitirSe^iS 

whtf J ° f ^ *T Sition ° f Said fiwH or I? addfesf J^SZ^S 
which the .mager was attached at the time of capture, or attachment of diritaTsimato^ 

Another feature of said method and apparatus of this invention includes use of 
encrypnon methods that allows only the intended recipient to open Z, ^ andtr Te the 
fingerprint mformation that has been acquired, enrolled, analyzed or enhL^ Tr 
c.mbmatrons thereof . said fingerprint information car! include Ae l^^tl 
iirformahonorsaidadditiondinfomiation,orcombinations q g * 

The apparatus and method of this invention, which provides aforementioned 
^yantageous aspects of fingerprint imagers in combination with integX Tso ZL 
wdl prov.de for a penpheral device that is capable of extremely high SwZZT 
accurate correlation, such as is necessary for a device that is to be^el r^e^nic 
bankmg, online transactions, and security, authentication and identification^ 

Exemplification 

.« t . . describe here a fingerprint correlation experiment as a reduction to oractice 

T^t^^ui^^ "* «nethod P of this mvenU^T&^tof 
die forefinger of thenght hand of one our staff was recorded in 1996 using ^optical 

^proximately u.15 x 015 inches. The fmgerpnnt as captured was displayed on an analos 

S£L5° ? f ♦ " WaCk ^ White P 1 "*^ of *• ^ge was ob^ned uS ? 

With Wgh TOtet b1 ** and white film. Subtly said 
phonograph of said fingerprint was stored under ambient conditions. In 2003 6 5 yeare 

t^L tZtf?° mPlUC T T ^ b * — *« « 60 ° dpi and S 
L^Zn 8 1 P ^ ? ample ° f * e ""W^ elation software of this 

?™T u£ ,mage ° f ±e m **** was ""P** in 2003 using a fingerprii 
imager of this invention comprising the optical design of Figure 3 exceotL thaTthTZ 
cover glass used for said reduction to practice was flat andSl 53TS2S£2 

f J onTn'r f* fin f ^ WaS C ° mpared to * 6 ' 5 ^-oid photograph 

2£S T2^S£! F^TV" 1 * botb P^es and minutiae, was reXj 
£ ,™' ^ ^"g 11 me said o"^ 41 «nd new images represent a finger area only 1/8" 

2 ' r V£? r0tat, ° n WCre dU&R! * 8,1(1 contrast «* exposure were ^t matehed 
nor cahbrated m any way. At least 50 features, including 45 pores and 5 Jn2^ 
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were captured from the original scan of the 1996 image, of which 22 pores and 5 minuHa 
were present, detected and matched in said captured fingerprint imaged in 2003. Said 
successful correlation results show that including pores in the fingerprint by use of an 
apparatus mat is capable of acquiring fingerprint images at high resolution, greatly 
mcreases the number of features that can be used for image correlation and signifi^antiy 
enhances the reliability of fingerprint comparison. Beneficial effects of the enhancements 
provided by the apparatus and method of this invention provide for reducing the 
occurrence of false acceptance, improving (through use of multiple templates) false reject 
rates, and significantly reducing the fingerprint sample area required for positive unique 
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Figure 2. 
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X = 655 nm 



Hologram 
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Additional Information; (security features, header, watermarking, etc. ) 



Figure 3 
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